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( f) 

externally ™$§J^ s ti^$?P°rt tose, perforator ligation, surgical valve repair, and 
grafting vein sections with healthy valves from the arm into the leg. These methods 
have variable effectiveness. Moreover, invasive surgery has its associated complications 
with risk to life and expense. Similarly, the palliative therapies require major lifestyle 
5 changes for the patient. For example, the ulcers may recur unless the patient continues 
to elevate the legs and use pressure gradient stockings for long continuous periods of 
time. 

Due to the time-consuming and invasive nature of the current surgical treatments, 
such as valvuloplasty or vein segment grafting, typically only one valve is treated during 

10 any single procedure. This greatly limits the ability of the physician to fully treat 
patients suffering from chronic venous insufficiency. Every instance of invasive surgery, 
however, has its associated complications with morbidity and expense. 

Another type of treatment, the ligation of vascular lumina by cauterization or 
coagulation using electrical energy from an electrode, has been employed as an 

15 alternative to the surgical removal of superficial and perforator veins. However, such 
ligation procedures also close off the lumen, essentially destroying its functional 
capability. For example, it is known to introduce an electrode into the leg of a patient, 
and position the electrode adjacent the exterior of the varicose veins to be treated. 
Through a small stab incision, a probe is forced through the subcutaneous layer between 

20 the fascia and the skin, and then to the various veins to be destroyed. A monopolar 
electrode at the outer end of the probe is placed adjacent the varicose vein and the 
return electrode is placed on the skin. Once properly positioned, an alternating current 
of 500 kiloHertz is applied to destroy the adjacent varicose veins by elearocoagulation. 
The coagulated veins lose the function of allowing blood to flow through, and are no 

25 longer of use. For example, occluding or ligating the saphenous vein would render that 
vein unavailable for harvesting in other surgical procedures such as coronary by-pass operations. 

An approach used to shrink a dilated vein involves the insertion of a catheter that 
provides RF or other energy to the vein tissue. The amount of energy imparted is 
controlled so that shrinkage occurs as desired. However, one such device is substantially 

30 ornni-directional in nature and does not permit the application of energy to only a 
selected portion of the vein. The directional application of energy from such a catheter 
to affect only a selected portion of the tissue would be particularly useful in the case 


element located adjacent the electrodes, the piezoelectric element producing pulse-echo 
soundings of the vein to determine the vein diameter and the extent of vein shrinkage. 

87. (NEW) The apparatus of claim 85 further comprising a temperature sensor 
located on one of the at least two electrodes. 

88. (NEW) The apparatus of claim 85 further comprising a temperature sensor 
located between the two. electrodes. 

89. (NEW) The apparatus of claim 85 wherein the catheter includes a plurality 
of extendable members having a plurality of bowable sections, each bowable section 
including one of the at least two electrodes. 

90. (NEW) The apparatus of claim 85 wherein the working end of the catheter 
has a diameter larger than the diameter of the remainder of the catheter. 

91. (NEW) The apparatus of claim 85 wherein the working end of the catheter 
further includes ports for providing a fluid to the vein during treatment. 

92. (NEW) The apparatus of claim 85 wherein the electrodes are formed from 
non-insulated portion of a metallic plate disposed in the working end of the catheter. 

93. (NEW) The apparatus of claim 92 wherein the electrodes are formed into 
pairs, wherein each pair of electrodes comprises a discrete pair of opposite polarity 
electrodes and the electrodes within each discrete pair are arranged such that an electrode 
in one discrete pair is adjacent a like polarity electrode of an adjacent pair. 

94. (NEW) The apparatus of claim 93 comprising an even number of 
electrodes, wherein said even number comprises at least four, and wherein said even 
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